A detailed understanding of virtual photon emission from hadronic systems at moderate relativistic beam energies is one of the main objectives of the HADES experiment. In this contribution, results on the measurement of the inclusive e + e − pair production in Ar+KCl collisions at a beam kinetic energy E kin = 1.76 AGeV are presented. Distributions of e + e − pairs in the mass range 0.02 < M ee /(GeV/c 2 ) < 0.9 are discussed and confronted with transport model calculations.
A detailed understanding of virtual photon emission from hadronic systems at moderate relativistic beam energies is one of the main objectives of the HADES experiment. In this contribution, results on the measurement of the inclusive e + e − pair production in Ar+KCl collisions at a beam kinetic energy E kin = 1.76 AGeV are presented. Distributions of e + e − pairs in the mass range 0.02 < M ee /(GeV/c 2 ) < 0.9 are discussed and confronted with transport model calculations.
XLVIII International Winter Meeting on Nuclear Physics in Memoriam of Ileana Iori 25-29 January 2010
Bormio, Italy
Introduction
The High Acceptance Di-Electron Spectrometer (HADES) [1] , assembled at the Helmholtzzentrum für Schwerionenforschung GmbH , was designed to investigate the emission of virtual photons via their decay into dielectrons (e + e − pairs) out of the hot and dense collision zone formed in heavy-ion reactions. Dielectrons are a promising probe to investigate both in-medium properties of hadrons and hadronic matter under extreme conditions. At moderate relativistic beam energies in the range of E kin = 1 − 2 AGeV hadronic matter can be compressed to densities of up to 3 times the normal nuclear density and temperatures of up to T = 100 MeV. This extreme phase can last for τ ≈ 10 fm/c. In contrast to the high energy experiments at CERN-SPS and RHIC, the fireball formed at these low energies is dominated by nucleons and baryonic resonances; mesons play only a minor role. In this baryon-rich regime a dielectron signal above the "hadronic cocktail" for invariant e + e − masses, M ee > 0.15 GeV/c 2 , in C+C and Ca+Ca collisions at E kin = 1.04 AGeV was reported by the DLS collaboration [2] . The observed signal strength below the ρ meson pole mass could not be described in a satisfactory way by theoretical model calculations for a long time.
The dielectron production in C+C collisions was recently reinvestigated by the HADES collaboration with higher statistics and better detector resolution at bombarding energies of E kin = 1 and 2 AGeV [3, 4] . The investigation of the excitation function of the pair multiplicity above the π 0 mass shows a similar scaling with the beam energy as the pion production. This points to the ∆(1232) resonance as a possible source of the extra e + e − signal, since it has a significant Dalitz decay branch ∆ → Ne + e − and is known to be the dominant source of pions at these beam energies. In addition, bremsstrahlung -mainly from n+p collisions -is expected to contribute noticeably, as has been predicted by various models [5, 6, 7] .
The interpretation of virtual photon emission in heavy-ion reactions at these energies requires both, a detailed study of their production in elementary p+p and n+p collisions (see [8] ) and a variation of the system size at a given beam energy. In this contribution we present preliminary results obtained for a medium sized collision system with about 40 participants.
The HADES experiment
A description of the HADES spectrometer can be found in ref. [1] . For the e + /e − identification the main detector is the hadron blind Ring Imaging CHerenkov (RICH) detector. In addition, the algorithms for electron identification make use of the measured time of flight in the plastic scintillator Time-of-Flight (ToF) wall and of the registered electromagnetic shower pattern in the Pre-Shower detector to improve the purity of the e + /e − sample.
In the experiment a beam of 40 Ar ions with a kinetic energy of E kin = 1.76 AGeV was focussed onto a 4-fold segmented KCl target with a total interaction length of 3.3%. The event selection was done online in two steps. In the first trigger stage (LVL1) events exceeding a charged particle multiplicity in the ToF wall of M ch > 16 have been selected. In total 2.2 · 10 9 LVL1 events have been recorded. The second trigger stage (LVL2) selected events with at least one electron candidate identified by a ring in the RICH detector and matched to a hit in the TOF wall.
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The LVL1 trigger condition selected semi-central events with twice the charged pion multiplicity as compared to minimum bias events. This corresponds to a mean number of participating nucleons of about 38.5 and an estimated average neutral pion multiplicity of 3.4 ± 0.4 [9] .
The electron/positron identification was performed using three independent algorithms in parallel: (a) a Bayesian approach, (b) hard cuts and (c) a multivariate analysis [1] . For each of the algorithms identified electrons and positrons were combined into pairs. The like-sign pairs from the same event were used to model the combinatorial background (CB), which can be estimated as CB = 2 √ N ++ N −− . It was used for pairs with M ee < 0.4 GeV/c 2 to take into account the correlated background resulting from π 0 → γγ decays followed by double γ conversion. For pairs with higher invariant masses the mixed event background normalised to the same event like-sign background was used to reduce statistical fluctuations in the same event background.
To enhance the signal over background ratio, further constraints were imposed on the pair properties. The dominant background source is γ conversion where photons originate mainly from π 0 decays. Conversion pairs have mostly small opening angles α ee and dominate over the contribution from other e + e − sources with small α ee by several orders of magnitude. They can be effectively rejected requiring α ee > 9 o while the signal stays almost unaffected by this cut. Further tracking fakes were removed from the sample selecting uniquely defined tracks which were well reconstructed by the tracking algorithm. Finally a cut on the single e + /e − momentum, 0.1 < p e /(GeV /c) < 1.1, was applied to increase mainly the purity of the positron sample.
Results
The invariant mass distribution of the signal e + e − pairs corrected for the detector and reconstruction inefficiencies is shown in Fig. 1 . It represents an average of the three independent analyses mentioned above. Systematic errors are given by the horizontal red bars. They consist of the correction on reconstruction efficiency and combinatorial background estimation (20%), of the uncertainty in estimating the π 0 multiplicity (11%) and of the differences in the three analysis methods (typically 10 − 20%). The distribution is presented in the HADES acceptance [1] and normalised to the neutral pion multiplicity assuming N π 0 ≈ N π = (N π + + N π − )/2, where the charged pion multiplicity was measured in the same experiment [9] . In the nearly isospin-symmetric collision system Ar+KCl this average can be considered as a good estimate of the neutral pion yield. Using this way of normalisation allows to compensate to first order for the bias caused by the centrality selection of the LVL1 trigger condition.
A particularly interesting feature of the presented e + e − invariant mass distribution is the peak visible in the vector meson region which can be assigned to direct ω → e + e − decays. Hence, vector meson production in heavy-ion collisions could be observed for the first time in the SIS18/Bevalac energy regime although the beam energy was well below the ω meson production threshold for a free nucleon-nucleon collision (E NN→NNω th = 1.89 GeV).
In Fig. 1 the experimental spectrum is contrasted to the predictions of the HSD [10] and the UrQMD [11] transport calculations employing only vacuum properties of hadrons. Both calculations are normalised to the respective π 0 multiplicity. For M ee < 0.15 GeV/c 2 both calculations suggest a dominant contribution from π 0 Dalitz decays. Above this invariant mass and below the vector meson dominated mass region, the dielectron signal is originating mainly from η and ∆ Dalitz decays. In contrast to the UrQMD calculation, the HSD model suggests additional dielectron sources, namely the NN and πN bremsstrahlung. However their contributions are predicted to be less significant in Ar+KCl collisions at the given beam energy. The light vector mesons ρ and ω contribute significantly to the e + e − yield only at invariant masses M ee > 0.6 GeV/c 2 . While the ω meson production seems to be on the same level in both calculations, the significantly higher strength of the ρ meson in UrQMD clearly overestimates the data. One of the reasons might be improper implementation of the elementary cross section for the ρ meson production used in the transport calculations. The HSD group newly adjusted their parametrisation according to a recent measurement [12] which improves the description of the data in the vector meson mass region. 
